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of the cumulative effect of rainfall is discovered. Assuming 
rainfall to be general over the watershed, each tributary in 
contributing its waters should serve to swell, by so much sur- 
plus as it carried, the total volume of the main stream, and 
this augmentation would, in turn, be shown by river gage read- 
ings made a t  or immediately below the point where it joined 
the main stream. Figuring on this basis and using maximum 
freshet data of from six to seventeen years, the average in- 
crease of freshet water carried by the James River would result, 
indicating what might be termed the discharge value of single 
or  grouped tributaries. Thus, an average freshet height of 
9.5 feet, representing the discharge of Dunlops Creek and 
Jackson River, is increased to 13.7 feet a t  Buchanan from the 
outflow of the Cowpasture River and Craigs ancl Catamba 
creeks; to 15.7 feet a t  Lynchburg from the waters of North 
River and smaller streams; to 18.9 feet a t  Scottsville by the 
Pedlar, Tye, and Rockfish rivers and smaller streams; ancl to 
27.3 feet a t  Columbia by the State and Rivanna rivers. It is 
to be noted, however, that the local conditions at  Columbia 
are such as to prevent a true increase or discharge value from 
being observecl. The Rivanna River, the main tributary of the 
lower basin, here enters the James River a t  right angles, and 
the latter being narrow and shallow at  this point becomes 
congested and a piled up condition of the water results that 
gives the local reading a value in excess of what i t  actually 
should be. Making allowance for this conclition, i t  is proba- 
ble that the ratio of increase at Columbia would be but slightly 
greater than that for Scottsville. 

STUDIES ON THE CIRCULATION OF THE ATMOSPHERES 
OF THE SUN AND OF THE EARTH. 

BY Pivf Frtivli H. l 3 r i . r L i ~ w .  

1V.-VALUES OF CERTAIN METEOROLO(~1CAL QUANTITIES FOR 
THE SUN. 

THE INPORTANC'E OF THESE VALUE5 TO TERREbTRIAL METEOROLOGY. 

The most important data needed for use in studies in solar 
physics are the correct values of the pressure, the temperature, 
the density, the gas constant, and their many derived rela- 
lations, a t  the surface of the sun, within its mass, and through- 
out the gaseous envelope. I n  the present uncertain state of 
our knowledge of these quantities, even an approximate deri- 
vation of these data is important, ancl this forms the justifica- 
tion for the studies contained in this paper. The problems of 
the circulation within the sun's photosphere, the transitions 
and the transformations in the atmospheric envelope with the 
attendant radiations ancl absorptions, the heat and light re- 
ceived at  the outer surface of the earth's atmosphere, the re- 
sulting absorption and transmission of energy in the air, and 
the dependent circulation, are all languishing for the lack of 
a sound footing for our computations and deductions. The 
computations for the surface temperature of the sun give 
results ranging from 5000" to 10,OOOO; using Ritter's Law, 
Professor Schuster computes the temperature a t  the center of 
the sun as 12,000,000°, assuming that it is composed of hy- 
drogen split up into monatomic elements. But it is evident 
that any such range of temperature woulcl simply explode the 
sun, whereas it now circulates in a moderate manner. Unless 
some value for the temperature of the solar photosphere can 
be found, i t  will be impossible to determine what percentage 
of the total solar radiation is absorbed in the solar envelope, 
even though the radiant heat be computed successfully on the 
outer surface of the earth's atmosphere from radi a t' ion nieas- 
urements a t  the ground. Should the following remarks prove 
to be merely suggestive i t  will be proper to  make them as a 
contribution to the problems in solar physics. 

I have been interested in the paper by Prof. F. E. Nipher, 
on the "Law of contraction of gaseous i iebul~,"25 because it 
seems to offer a way of escalle from the impossible results 

which follow from Ritter's equations, where the exponent in 
P u 1 k  = B is 1.33 +. Nipher makes the value of 11 = 1.10, and 
from this exponent the entire system of relations eeems to be 
more probable. I will recapitulate Nipher's equations, after 
making the following changes in his notation to reduce them 
to the symbols used in my papers: 

Niphw. Bigelow. 

Gas constant change C to R 
Density " 3 h c  f' 

Distance from center L <  R ~r ,,. 
1 Mechanical equivalent of heat '' J '<  -4' = - d 

'b 1 1 
-~ 6 .  A = -  

9' 
Heat equivalent of work 

Constant 
Ratio 
Clonstant 

NIPHER'S EQUATIONS. 

Adiabatic law for perfect gases: 

Heat relation : 
(41)  P u = R T .  

(48)  t I Q  = (1,dT + P dt9. 
Assumecl lams for non-perfect gases: 

(43)  P V ' L  = Pol~o" = B. 

( 4 4 )  

Sliecific heat: 
1 

4.19 x 10' ;I = 

Gravitation : 

Mass : 

'jTransactions Academy of Science, St. Louis, October 1, 1903. 
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Weight of one gram a t  the surface: 
1 

( 5 2 )  g = - -  '' "- 4ak1 (=)[--I B(4n - 3n') 2: ~ 1 
- 

TP 4 - 3n 2a k'(2 - 71)' - ,, 

2R T - 1.28 7. 71 2RT --.-- 
-2--n T 1 

Auxiliaries : 

(4,z - 311*)R . 
ro (initial) 
1' (final) . 

(2 - t l )%:kY 1 
Contraction ratio Z) = ~~. 

3 - ) 1  4 
3 4 - 311 f' . ( 5 s )  ill=, ii 7 . 3 .  pa= 4: 

Average density: 
3 - I1 

4 - 3 ;  
B' 2 - I ?  __ 

p = . . . . . . . . .  .X8G p (59) p a =  3 4--T 2 = 
.J'l ; - I '  

Distance from center to stratum where the density p = aver- 
age density pa: 

Ausiliaries. 

= c*-8 R M' 

= l.,+4d R 

d It 
1 - / 1  

= P~,+-  = - 7.365 (reversing sign). 

Ratios: 

L 

Average pressure: 

P =  . . . . . . . . . . . .  S.4OP 

Distance from center to stratum where the pressure P = 
average pressure Pa: 

2 - 11 
1 6 - S), - 5 r  

3 2 - 7 1  
( 6 2 )  T ( ~ =  . -1 1'= . . . . . . . . . . . . . . . . .  .0.503 r 

L -I 

Average temperature : 
3 - '71. 

( 6 3 )  7; = 3 .  ~ T =  . . . . . . . . . . . . . . . . . . . . . . .  .l.OS T 
8 - 511 

Distance from center to stratum where the temperature T = 
average temperature T,: 

L 

Specific heat: 
tlP d v  

.0.707 7' 

3.00. 

T P  ($4) -rT-c,,= 5 l i - 3 =  . . . . . . . . . . . . . . . . . . . . . . . . . .  4.00. 

0.180d R 

For a rise of 1' C., energy equivalent to 2r,, + 3 d  R heat 
units must be applied to the unit mass, of which cp + 4 d  R 
heat units are radiated per unit time, and cL> - d R = c, heat 
units are used in raising the temperature. 

THE ASTRONOMICAL CONSTANTS FOR THE EARTH AND THE SUN. 

It is diificult tmo select from the available astronomical data 
n system of constants that is rigorously self-consistent, and in 
this preliiiiinary cliscussion it is not necessary to make com- 
plete adjnstiuents between the several quantities. The fun- 
dainental units employed are conveniently the C. G. S. system, 
and not the C. S. system, because in the thermodynamic for- 
r n l u l ~  the unit of mass is the gram. I n  the C. G. S. system 
the gravitation constant is found from the formula, 

(76) 

The coiistant for transforinations from the C. 8. system to the 
1 1 C. G. 9. systelu iskP ; i. e., (mass C. S . )  ~ = (mass C. G. S.). h? 
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_ _ _  ~~~ ________- 

(1, = gravity 
p, z clwsity of mercury 
B, = nierc. col. for 1 atruos 
pI, = density of hydrogen 

po = /J, B, = p,, I (weight) 

1 = -- (horn. atmos) PI,, B, 
1'1, 

1 R - - = gas constant 

1 
t i o  = -=specific volrime 

po ?lo = 1 
R, To = 1 

To  =temperature 

- TI 

p h  
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Nitnibers. 
9. 806 111. 

13595.8 
n.  GO 

0.089996 
10333. 

114815. 

273. 

420.56 

11. 112 

114515. 
114815. 

73 

G = d ! l O  
G p o  p (weight) 
tio = 11 I same density') 
p v = l  

G Y : , = T  
R,, = R 
R T = I  

TABLE 'I.-Astrmrnicul conatants. 

Numbers. Logarithms. 
R, = mean radius of earth, Bessel's 6370 19100 cm. 8.8041525 

Rll = 17.6083050 
R,S = 26.4124575 

pal =average density of earth, 5.576 0.746323 

4 7r= 4.1888 0.644089 

Ml = I 7r RIS pa zn ia s s  of the earth 

spheroid 

Harlcnas 

6.0377 x 27.78070 4 
in grams 

m = 1 gram 1. 00 0. nwouo 
go =acceleration per second a t  980. 60 cm. 2. 991492 

surface of earth 

Ntcinbers. 
28.028 

289600. 
11.112 

3218IJ011. 
7651.6 
420.56 

3218000. 

Hence, 

2. 818947-10 

transformation constant 1.5173 x 111' 7. 181073 v 
" = ratio OP mass of sun to i nas  of 333434. 5. 543lJIJ8 

earth, Neiocomb 
bf = mass of the sun 4. 0132 x 1013 

r 894800 80000 cui. 

r z  -- 
r s =  

= radius of sun for Awiuer's di- 
ameter (31' 59.28") 

- 

p = parallax of the sun, Neuicontb. 8. 79fi.5" 

D = distance from sun to earth 1493 40870 0l~i)O) cni. 

r /Rl  = ratio of radii 1113. 071 

S/S, = ratio of surfaces (199.071)' 11896.4 
1-1 1; ratio of volumes (109.071 ) 3  1217.54S. 

33. 3113878 
10. S4181~03 

41. 6837206 
32.5455x09 

0 .  94431299 
13.1741786 
4. IJ37707X 

4. 0Z415G 
G .  1131234 

'I  R: 48.058 1.4475934 gravity a t  surface of sun - G =  - 
gravity at surface of earth .Ifl ' rz 

171 R,3 ps mean density of the suu .,~l . ~~ . 1. $3'3S7 0. 15fJ408 

\ 18.5212 miles/sec. 1. 41;7fi71, 
1 29.80650 cni./sec. G .  474314 

'u = velocity of the earth in its orbit - 

dl go (check) = bi, (DL) 9.77448-10 

I). 29746 cm./sec. 9. 473418-1O 

toward suu .  1 0 .  11711 iiic.h/hec. 9. WS585-10 
8 = & f = rate at which earth falls 

APPLICATION O F  THE THERMODYNAMId FORNULX TO THE GASEOUS 
ENVELOPE V F  THE SUN. 

The evidence from the action of the lines in the solar spec- 
trum, as regards shifting, broadening, and reversals, shows 
that in the envelope resting upon the photosphere, comprising 
in its contents the reversing layer, the chromosphere, and the 
inner corona, the gases may be treated as approximately per- 
fect gases and tending to conform to the Boyle-(h1ariotte)- 

K 
Gay Lussac law, P t' = - - T, where P is the pressure in units 

of force, u the volume, R the absolute gas constant, v n  the 
molecular weight, and T the absolute temperature. I propose, 
also, to apply the same law to the solar mass within the pho- 
tosphere, with a suitable modification, and to compare the 
results with the data obtained from the use of Professor 
Nipher's equations. We can first multiply the equation by 
any numerical value, .T, and distribute the variation between 
P and T alone, holding the density identical in the two 
conditions. 

111 

(77) 
fi 
7lL 

(5 P) 'U = - (Z T) . 
K 1 
m P 

This asserts that  if - remains constant, u = - also remains 

constant. I f  a gas, as hydrogen, p = 0.000089996, is sub- 
jected to the same relative increase in P and T, it  remains at  the 

same density as that formhich its gas constant was computed. 

We can, therefore, transform hydrogen, or other perfect gases, 
from terrestrial to solar conditions by simply multiplying by 
the proper factor. I n  this case it will be .T = 28.028, the ratio 
of 9 at  the surface of the sun to 30 at  the surface of the earth. 

I n  Eclipse Meteorology and Allied Problems, chapter 4, 
Table l-i.--"Fundemental constants," a series of values was 
computed depending upon assumed values of R, the sun's 
radius, and G, the ratio between gravity a t  the surface of 
of t,he sun and gravity at the surface of the earth. Since these 
values have been changed a little in the preceding computa- 
tions, it will be necessary to reconstruct the numerical values 
of that table, although the effect upon the dependent quanti- 
ties is not important. I n  order that the transition from ter- 
restrial to solar conditions may be made as plain as possible 
to the reader, we will compute the fundamental constants on 
the supposition that the earth is surrounded by a hydrogen 
atmosphere instead of the common air, making allowance for 
the change in density. 

TABLE 8.-Constaiite for one nitnosphere of hydrogen on the earth. 

K 

Loga- 
,rifhtns. 
0. 93149 

4.13310 
9. 881181 
8.35444 
4.01421 

5.05399 

2.43616 

2.62383 

1.04578 

5.05999 
5.05999 

C.  G.  8. system. 

N t c n i  hers. 
980. 6 cm. 

13.5958 

76.0 
0.000089936 

1033.3 

i i4ai5uo. 

373. 

42056. 

11112. 

11481500. 
11481500. 

Loga- 
rithnla. 
2.99149 
1.13340 

1.88081 
5.95422 
3.01421 

7.05999 

2.43616 

4.62383 

1.04578 

7.05999 
7.05999 

TABLE 9.-Trunsition to caiistniik.for a solar hydrogel& atmosphere. 
( G p 0 )  v , = R  (To G ) .  

Formulm. 11. K. 8. system. 

Logn- 
rit h ma. 

1.44759 
5.46180 
1.04578 
6.50758 
3.88375 
2.62383 
6.50758 

C .  G. 8. system. 

Nuin bera. 
28.028 
38960. 

111112. 
3 2 18000OO. 

7651.6 

14056. 
32 18WOOO. 

- 

Loga- 
rithms. 
1.44759 
4.46180 
4.04578 
8.50758 
3. 58375 
4.62383 
8.50758 
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TABLE lO.-fi&mntal constunts for a hydrogen atmosphere on the aim 

FEBRUARY, 1904 

Data. 

Radius of the sun 
Gravity acceleration at the surface 
Modulus of common logarithms 

1 Mercury 
J Water 

Density 

i :;drngen 
Height of standard baromet.er 

Height of homogeneous atnioslihere 

Barometric constant 

Pressure in unit.s of weight 

Pressure in units of force 

Press. of one terrestrial atmosphere 

Volume (specific) of hydrogen 

Gas constant for pressure p 

Gas constant for pressure P 

Temperature at  the photosphere 

Temperature gradient 

Specific heat at constant pressure 

Heat equivalent o f  work 

Coefficient from specific heats 

Ratio of the specific heats 

Formulre. 

r 

g 
nr 
ON 
PI 

Po 

1'1, 

= G go = 28.038 x 9.806 

B, = I' = 0.760 x 28. W28 
Pll, 

Meter-kilogram-second. 

Number. 

694800800 m 
274.843 

0.43-ig94.5 
13595. 8 

1UUO 
1. 2!1RI 15 

( I .  oH99:It; 

21. 31113 

3218U12 

740:~74rI 

2h9608. 1 

79596670. 9 

11~1323. 5 

11. I l l 6  

420.565 

1. 15589x105 

76.51. 6 O  C. 

1. 2563Xll)-' 

1x65113 

0. 002313Oa 

189261.5 

1.000005 

Logarithm. 

8 . 8 4 i s ~ n 3  
2.4390843 
9.6377843-10 
4. 1334048 
3. 001 100011 

0. Ill6153 
A. 9548'238-10 

1. 33840f;O 

6. 51175876 

6.8698033 

5. 4618104 

7. 9oux9.51 

5. 0057103 

1. IJ-157768 

3. 633H33lJ 

5. nc29173 

3. SS37541; 

2. C,99llI49--1U 

5. 2706707 

7.36977.56-10 

5.3770631 

0.0000021 

Centimeter-gram-second. 

Logarithm. 

0.8418603 
4.4390813 
0.6377843-10 
1. 133404n 
1. 0InU0000 
7.1116153-10 
5.95#2232-10 

3.3281060 

8. 5075876 

8. 8698033 

4.4tilSllJ8 

8.9008951 

6. (U3'103 

4. U457768 

4. P238330 

9.0629173 

3. RH37546 

1. 11991~-19-1tJ 

1.2791478 

2. 37825'27-10 

4.2770G21 

0. 0IJU0338 

The coilstants are worked out for the meter-kilogram-second 
(%I. K. 8.) system and for the centimeter-gram-second (C. G. 
8. ) system, respectirely, the formulz, which are well known, 
being found in Table 64 of the Report of the Chief of the 
Weather Bureau, 1898-99, Yol. 11. 

If hydrogen, as a perfect gas, conforms to the Boyle-Gay 
Lussac lam at SO high a temperature as 7651.6, then there 
must be some stratum in the sun's atmosphere where the 
density is the same as it is under the standard conditions on 
the earth. I f  the gas ceases to be perfect to some estent, this 
statement must be proportionately modified, bn t  in any case 
even approsimate conditions will be very valuable as giving a 
general view of the prevailing state'of solar physics, in which 
a footing of sorite sort is a desideratum for meteorology in 
general. We nest  determine the temperature gradient by the 
computation in Table 10, in which the same constants are em- 
ployed RS above, escept that  their d u e s  have been determined 
with greater precision. 

To obtain the temperature gradient per meter, or the adia- 
tlT batic rate of fall of temperature per meter, the value of - - d h  

in the %I. K. S. system must be multipliecl by 1000, and in the C'. G. 
S. system it must be multiplied by 10000 so that t,hep both give 

- 0.0000125G3° C!. per meter, or, 

- dh = 0.012563° C!. per 1000 meters. 

d T  
ah 
d T 

(78 )  --- 

( 7 9 )  
This can be checked from the t,errestrial adiabatic rate, which 

1 
Cf is 9.86936 per 1000 meters, by Inultiplying by - . 

1 
0.012563 = 9.56938 x ~ . (28.oas)Z 

The rate of the fall in temperature in the atmosphere of the 
sun is very slow according to this cornputatmion, so that varia- 
t,ion in the density of the gases is not clue so much to c,hanges 
in temperature as to changes in pressure, which are very rapid, 
as is shown in Table 11 and fig. 21. The approximate formula 
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is all that  is necessary in this discussion because of the steady 
state of the temperature just indicated. 

Let P, = the pressure of 28.028 atmospheres, where h,, the 

P = the pressure in atmospheres a t  the height 11. 
h’ = 7409.746 kilometers, the barometric constant. 

height, is assumed to be zero. 

Then we shall have the reduction formula: 
P, it - h ,  h 

log P = log Po - - * (82 )  1 0 g p = -  K 7  K and 

The value of h in seconds of arc is found from 
raclius of sun in kiloineters 

raclius of sun in seconds of arc 
~ (83 )  1” (second of arc) = 

694800.800 
723.751 km. -~ ~- - 16’ X-60 = ‘JGO” - 

DISTRIBUTION OF THE PRESSURE, TEMPERATURE, AND DENSITT IN .4 S(JLAR 
HYDROGEN ATMOSPHERE. 

Since in a perfect gas ~ v =  ’’ = RT, we sliall have for the 

I n  order to compute R, the gas cvnstnnt, 

f’ 
P density, p = -- R T’ 

P we take R = -, where, 
PT 

P = 28.028 atmospheres, 

T =  7651.Go. whence we obtain 
B = 0.040702 

p = 0.059996, 

[logarithni = S.GO961461. 
The values resulting from the computation are given in 

Table 11 nnd fig. 21. “Distribution of the pressure, tempera- 
ture, and density in a solar liyclrogen atmosphere.” The incli- 
cations regarding the prevailing pressure, clerirecl from the 
behavior of certain lines in the solar spectruni, are that the 
reversing layer is under a pressure of about 5 atmospheres, or 
possibly as little as 3 atmospheres (Astrophysics, February, 
1896, 11. 139; Map, 1894, 11. 337;  April, 1900. p. 240). Accorcl- 
ing to Table 11 the pressure at the heiglit 8” above the stratum 
TABLE ll.--Dbfribttlion of thp preasitre. teuipwf l t toP,  nntl dCn8ity in the 8oZtir 

h” h 
inarc. inkni 

45 32568.75 

40 28950.00 
35 25331.25 
30 21713.50 
25 18093.75 
20 14475.MJ 
18 13097.50 
16 11580.00 
14 10132.50 

12 8685.00 
10 7237.50 
9 6513.75 
8 5790.00 

7 5066.25 

6 4342.50 
5 3618.75 
4 2895.00 
3 2171.25 
2 1447.50 
1 723.75 
0 0 

h 
z 

4. 39533 

3. 90703 
3.41864 
2.93026 
3.44189 
1.95351 
1.75816 
1.56381 
1.36746 

1.17210 
0.97676 
0.87908 
0.78140 

0.68380 

0. 58605 
0.48838 
0. 39070 
0.29303 
0.19535 
0.09768 

0 

0. 11113 7287. 9 0. 000012 
0. 011 7333. 4 0. c)ooo36 
0. (I33 7378. 8 0. ~I~JO110 
0. 11J1 7424. 3 0.00()335 
0. 312 746Y. 7 0. OUlW2f; 
0.4W 74S7. 9 0.0tJlGIl5 
0.767 7506. 1 0.00’251U 
1.203 7524.3 0.003‘3‘27 

1. 8x6 75$3. 5 0. 0U6143 
2. 957 7560. 7 0.1I096I~9 
3.703 7569. ti 0. 012018 
4. 636 7578.9 0.015031 

5.805 7587. 9 0. (118796 

7. 270 7597.0 0.083512 
9. 104 760G. 1 0. (,994l16 

11. 400 7615. 2 0. 036779 
14.275 7624.3 0. u45999 
17.875 7633.4 0.057532 
22.383 7642.5 U. 071955 
28.038 7651.6 0. U89998 

38 
T q )  of inner 

c‘orona. 
33 
38 
23 
18 
13 
11 
3 
7 

Top of l:hronlo- 
qlhere. 

5 
3 
2 
1 R e v e r s i n g  

layer. 
0 Top o f  photo- 

slihere. 
-1 
-3 
- 3 
-4 
-5 
-6 
-7 W i t h i n  t h e  

photosphere. 

0 

7.3000 
0 

FIG. 2l.-Distrillution of  the iires+ure. t ature, ant1 density in it  

bolar h~clrogeii atnit P .  

having a pressure of 28.0% atmospheres is I .GHl i ,  and this 
may be adopted as the height of the reversing layer. If the 
top of the photosphere is 1” below the reversing. layer, the top 
o f  the chromosphere 5” above it. and the top of the inner corona 
3.) above the top of the photosphere, then the laper at pres- 
sure 28.038 atmospheres is 7“ below the top of the photosphere, 
and is probably in the midst of the photospheric shell. The 
temperature gradient is a straight line,?h but the pressure 
ancl density are distributed on curves of the logarithmic type. 
From 24 to 5 atmospheres the pressure nncl density change 
very mpidly, but from 2 to 0 atmospheres they chauge yery 
slntidy. There is a quick transition in the rate of change 

6 r,, 

tlT 1 
tlh P;, z6 Since the teniperature gradient, - ~ = ~ - ,  was c~oniputecl for the 

stratuiii within the  photosphere, where P,, = 28.U28, i t  follows t.hrtt in t.he 
higher strat.a, in which P has smaller values accordiug to Table 11, t,he 

gradient will l ~ e  great.er in the proportion, (- d h )  p,, assigning suc- 

cessire values to 11 in the several strat.a. Heucr, t.hc trinperature fall is 

dT P,, 

-1 Tu=- j’(+;:) dh,  where ($) incwnse..; toward the top of 

the solar atmosphere. Compututionq fur  the hut 
the temperature fall is slow up to  the h e 1  of P 
which it increases rely rapidly as the density dim 
temperature of space iz reached a t  tlie toIt of the  iiinri corona. 

We obtained the following temperatures. 
Initial stratimi in  photosphere P=2S 0’24. T= 76520 
Top of the photoqihere P= 5 N l 5 ,  T=751Jl)0 
Top of the reversing layer P= 4.636, T=745U0 
Top of the chromosphere P= 1.501). T=69500 

This law gives too low teinperatures a t  the top o f  the  inner corona 
to  be acceptallle at prebcnt. Referring to the  earth’s atmosphere, the lair 
of cooling is not the adiabatic rate, Rot tlie gradierit ib nearly the same as 
tha t  found for the lower strata in all levels up to 16,001J meters: that ib to 
say, cooling takes place a t  a uniform rate. The law of cooling in the solar 
atmosphere is a function which i s  not now known, and i t  mag fall be- 
tween the two extreme types indicated above. The entire subject de- 
mands a careful research. 

11- -4 
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between 5 and 2 atmospheres, and in the midst of this the 
reversing layer and chromosphere are located. It is, there- 
fore, probable that the action in the reversing layer which 
sends forth visible light waves is due to rapid transmissions 
in pressure and density, rather than to any changes of tem- 
perature. This favors the theory proposed for the explanation 
of the reversing layer by Becquerel, Wood, ancl Julius, namely, 
that i t  is due to contrasts of density, and in accorclance with 
which the phenomenon has been reproduced iU the laboratory. 
Compare pages 65 and 162, Eclipse Meteorology and Alliecl 
Problems, Weather Bureau Bulletin I. 

The shifting and the broadening of the lines in the spectrum 
are clue to a variation of pressure and density rather than to R 
change of temperature. It is also seen that the density of 
the hydrogen approaches zero at  the height of the top of the 
inner corona. The coinciclence in t,he observed boimlnries 
TABLE 12.-Cotnptation of the presxwr-u, tr,rttpercctttre8. cerid clr.Iwitiea ut the 

surflice rind iivWiin the atin by Nipher'a forrtittlc~. 
Fundamental constautr. 

h'iiiiilwa. 1.~1g.ll.I t hlll.. 

X =total  inass of t h e  sun 2 ,  (l13'?,)cIlP: 33. 3Y3678 

= gravitation CI m t a n t  1. 5173~1U7 i. lX1117:3 
1 

kl 
r = radius of the s u n  in crntimetcrs 634800 8OlIUU. 111. 84lSl;ll 
T 1 absolute temperature at surface 7651.6' 3. 8ti3i55 

_. 

Density at surface and within the  sun. 

p, = average density from astronom- 1.43287 0. 1563O8 
ical datn 

from cwiter 
r, = 0. 545 r = dibtance of stratum p,, 3. i 8 ~ ~ 7 x l l P J  ln.57SY57 

1 
I' 

u -=sslir~~ificrc~liimcattlie hurface 3. GX$3 0.428818 

Prehbiire a t  t h e  si1rf:tt.e anal within the sun. 

P 

Pa = 5.40 P arerag? presbure 1. 5C1;3;r 11P 15. I94854 
rX = U. SO2 r = ilistnnce of stratum P, 3. 4S79;; lIJ1" IO. S-185M 

from ce1itt.r 
R T  at the surfac+. uf the  . S I ~ I I .  

of these layers in the sun's atmosphere with the results of 
this computation on the physical state is evidently 80 perfect 
as to argue strongly for the correctness of the physical con- 
stants employed. The outcome goes to show that the photo- 
sphere is the region where great changes in pressure are 
taking place, so that violent circulations, explosions, ancl chem- 
ical and electrical combinations must prevail, ancl observations 
show that this is the case. From the values here employed 
we can readily compute many other important thermodynamic 
selations. 
TABLE 13.-Tritnrrfortnrr(ion f(6clor .fro))) perfwt pses to the mciterinl of thP 

aim tcrithh the photo#phere. 

Forniula pl = !& 
/'s 

N u l l l l ~ r l ~ ,  Log31 I t  11111s. 
3. !litO4x 11114  14. 4G24tio 
I ) .  O I N I I ~ W I ! J G  5. 954223-1() 

=surface density Iiy Niplier's f~>rniula. 0. 37255 9. 571182-10 

P, z hurfitce pressure I ry  Nipher'+ fa~riiiula 
pI, = alensity o f  liylrogen a t  burface o f  hi111 

Pi = t*orrespoiuling ~ires<ure froiii insitlt. 
Pl iirebsrtrc founrl from ontsifle camlition+ i. 

F 1 tmn~fi~imeticii i  fiwtor HS. 095 1.944606 

7. IMIfXx l W 0  10. 845501 

R,=g:ts coustatit for Pfruni  Niliher'b fur- 1 I J 1 7 5 ~ 1 U ~ ~  11. 007533 

R,  =gas ccinbtant for P from liytlrogen 1. 1559%118 9.063317 
F =transformation factor bS. 1125 1. 944lxlG 

Some such factor as SS is required to change the conclitioiis 
oiitside the photosphere for perfect gases to those insicle the 
photosphere for nonperfect gases or licluicls. 
T ~ B L E  14.-Spec!fic hwt8 r1>. r , ,  qurrntit!y of hecct Q, (em1 ~c-ork W, ilt the 

8to;f(cre e1rtrtur)t qf the sun. 

nlula 

Nuii i lbei*. I.ognrithii1.. 
h 3)1 - 4 I = - - =  A - 1  3- 3.5 

1 assunletl value 3. 4c15 0.539264 
F P  

= heat rrluivnleut of work 

1. U175x 1IJ" 11. Ull7523 
3431. 0 3.385776 

8414.8 3. 385041 I 

Bssunie 3. 4615 d R  

3 d K  i293. 0 
4 d R  9724.0 

3r., 16829. f; 

1. IOU8 

1). 7513 9.876184 

- - IJ. 75 closely 

3.03 0.48156'2 

c q414 8 
- 7977. 3 h - U - L L  1.Il548 0.033190 

Weight of 1 gram at the  surface of the sun. 
- 

37438. 4.438li8 r 2 R T  li? 

1 1  )" 
1 = 1 . 2 2  ~ -- = A I 7  

It mav be observed that the Smithsonian Astrorihvsical Ob- 
I U  \ = 980. G x 28. W28 27484. 4. 430084 servatoiy computes from the Washington observations a tern- 
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perature of about 6000' for the atmosphere of the sun, although 
it is quite certain that a higher station, as Mount Whitney, 
would give a greater temperature, say 6500'. This, of course, 
takes account of the absorption in the earth's atmosphere, but  
not of that in the sun's atmosphere. It seems probable that 
the equivalent of 1000" C. may be absorbed from the stratum 
inoluded between the midst of the photosphere and the top 
of the inner corona. If this is not the case, then tlie outgoing 
radiation of the sun must be such as to give nearly 4.0 gram- 
oalories per square centimeter per minute on the outer surface 
of the atmosphere of the earth. The relative absorption in 
the atmospheres of the sun and the earth, respectively, will 
be much more readily determined i f  it can be admittecl that 
the temperature of the sun about 7" within the photosphere 
is approsimately 7652". I n  the following discussion the sur- 
face stratum is that which is 7" below the visible bounclary of 
the photosphere, where the pressure is taken as 28.028 at- 
mospheres. The various comments macle by Buckingham and 
Day as to the value of temperatures extrapolatetl from ter- 
restrial to solar conditions have their importance, but i t  is 
believed that we shall be able to gain a footing by other 
processes, such as thermodynamic relations, aiid thereby de- 
termine the thermal condition of the sun without such an 
overstepping of the limits of the actual practicable esperi- 
ments of the laboratory. We will proceed, in Tables 12 to 14, 
to consider the conditions within the solar inam, with the aid 
of Nipher's formulce, and to sliom that here, too, there is ground 
for encouragement, because of the nuinerous agreements be- 
tween two independent sets of data, namely. the astronomical 
quantities and tlie thermodynamic values. 

DISCUSSION OF THE TALUES DERIVED FROM TABLES 13 TO 14. 
Table 12, '' Computation of the pressures, temperatures. and 

densities at  the surface and within the sun by Nipher's for- 
mule," contains a series of values at  the surface stratum in 
the photosphere, where the pressure has been taken a t  %.OBI; 
atmospheres as the result of external conditions. These hare 
now been computed from astronomical data X,  X,*, r, and the 
assumed temperature 7651.6. The purpose is to coinpare these 
two sets of values, one computed from external conditions, xncl 
the other from the internal conditions, the former for strictly 
perfect gases, as hydrogen, ancl the latter from such non-per- 
fect gases or liquid material as makes 111) the body of the 
sun. While the law P L ~  = RT applies to perfect gases, we may 
yet obtain some approxiniate idea of the state of the sun in- 
side the photosphere i f  a transformation factor can be found 
by which to pass from the first system to the second. I n  a 
circulating mass like the sun i t  is probable that something 
like this law applies throughout the mass. At any rate the 
view can be tested to some extent by studying the t w o  sets of 
data. There is, of course, some danger of arguing in a circle 
through so complex a system of formul,.e, but I think that the 
general conditions herein exhibited conform more closely to a 
natural solar mass than the results heretofore derived by the 
use of Ritter's formuls. 

Thp 1k3,rsify. 
The average density of the sun from astronomical data is 

1.43267, and i t  is a denser liquiil than water. The surface 
density is 0.37255, or about one-fourth the average density. 
This latter occurs a t  the dist,ance 0.5151. from the center of the 
sun, and if anything like the same gradient of density is main- 
tained throughout, the density near tlie center of the sun is 
not far from 5.7,which is about the mean rlensityof the earth. 
We may, therefore, assign a more or less solid nucleus to the 
sun, which becomes viscous a t  a distaiice of about one-third 
the radius from the center, and soon thereafter mobile. The 
transitions within the sun are gradual, but a t  the photosphere 
there is apparently a mixture of liquid and gaseous masses in 
active transitions, and these seem to be the conclitions indi- 

cated by the phenomena observed in the sun spots. The 
prominences, faculEe, and the chromosphere are strictly in a 
gaseous atmosphere; the photosphere is a mixture of gases 
and liquids, and the interior consists of a circulating liquid 
passing into a solid nucleus near the center. While the sun's 
pressure by gravitation alone would increase the density of its 
constituents, the temperature is a t  the same time high enough 
to balance this tendency to compression, SO that the material in 
the sun is in about the same state as the material of the earth, 
except that here the outer layers have advanced toward solidi- 
fication under the prevailing low temperature. A contracting 
sun, in order to keep 111) its radiation, must be circulating 
freely, ancl this precludes a very high degree of viscosity, es- 
cept near the center. 

Thr 1)rrssiiw. 
Beginning with a pressure of 38.026 atmospheres in that 

layer of the photosphere where the temperature is 7659O, 
which on the bun is equivalent to 7.96 x 10' dynes, we compute 
tlmt for a hydrogen gaseous envelope the pressure practically 
vanishes a t  the top of the inner corona. Beyond this layer, 
into which hydrogen is ejected in the prominences, the condi- 
tions are favorable for all the electrical and magnetic phe- 
nomena belonging to the cathode rays in rarefied gases. At 
the photosphere, where the materials change from gases to 
vapors and liquids, there is a corresponding equivalent increase 
in pressure up to 2.90 x 10'' dynes. It would take this increase 
in pressure to pass from the gaseous to the fluid state at  the 
high temperature there prevailing. If a fluid may be consicl- 
ered as a gas brought by pressure at  a given temperature to 
the liquid condition. then this pressure cliffereme also repre- 
sents the esplosire energy when the liquiil changes to a gas. 
If the liquicl is elevated from the interior to the surface of the 
sun by convection currents. then, on reaching the surface, it m a y  
greatly expand and e \  en esplode when vaporization takes place, 
as is oomiuonly observed on the edge of the sun through the 
enormous relocities ineasureil by the change in wave lengths, by 
tlie Doeppler principle, or 1)y anomalous dispersion. Within 
the body of the sun. a t  the distance 0.5 radiub from the center, 
the pressure is 1.57 x l O I 5  dynes, which is 5.4 times as mucli as 
n t  the surface. By the same ratio, the pressure would be eleven 
times as much a t  the center, though this law doubtless changes 
within the nucleus. The pressure is comparatively uniform 
below the sun's surface, and widely discontinuous a t  the sur- 
face. Hence, the convectional currents and the dependent 
phenomenon of rotation in latitude are leisurely motions com- 
pared with the explosive action a t  the surface lagers. 

Tilt, t+~, )y)c~at  11 rt> 11 ) / r l  t l tp p s  r.~,tsto,lt. 
Nipher's coefficients are carried to only three decimals, which 

is cloubtless suficiently accurate for the determination of the 
value of the contractional constant u.  It is not quite SUE- 
ciently accurate, however, to give proper check values from 
one formula to another, but I have not. thought i t  worth while 
to carry this computation beyond the approximate stage. If we 
pass from a perfect gas to a fluid, the value of the gas constant 
adopted must be interpreted as merely suggesting important re- 
lations. and too much einphasis must not be laid upon certain 
obvious criticisms which naturally arise. We may suppose that 
the inass of the sun beiieatli the photosphere, while apparently 
fluid or viscous, yet moves in accorclaiice with the general law, 
1)g reason of convection, so that i t  is continually readjusting 
itself to conform somewhat closely to this general law of 
gaseous elasticity. At any rate, this is the theory upon which 
we hare proceedecl in the cliscussion. We compute the product 

R T by Nipher's formula, ancl check it R ith the product - found 

from the pressure and density, and then with the temperature 
T = 7651.6" find R = 1.0175 x 10" for the fluid of density 
0.37255 in the surface layer. The temperature within the sun 

P 
/' 
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a t  the distance 0.707 radius from the surface becomes 8261', 
and a t  this rate, an increase of 612' in 0.293 radius, the total 
increase from the surface to the center is 2089", making the 
central temperature 9741'. This gives an average gradient 
of -0.0030072' per 1000 meters from the center to the surface. 
We find, also, the gradient from the photosphere to the top of 
the inner corona to be -0.012563° per 1000 meters. The gra- 
client of the temperature is about four times as great in the at- 
mosphere of the sun as iiisicle the photosphere. The cooling is, 
therefore, more rapid outside than it is inside the photosphere. 
Till: ninss r f  sioi ,  l h f ,  wight  (!f I y r rm O H  thf. . ~ i r r f n i v  r,f the sun,  

The iiiass of the sun is 3.0091 x l V 3  by Nipher's formula, 
agreeing closely with that adopted from Newcomb, 2.0132 x I()", 
the former being computed through the product RT, and thus 
checking a11 the quantities. The weight of 1 gram a t  the sur- 
face of tlie S L I ~  is 274% by Nipher's formula, through the 
procluct R2: and this agrees with the simple prmluct = 
950.6 x 28.028 = 27454. t l i i ~ ~  checking again. The transition 
factor from a lierfect gaseous system to that actually existing 
at the surface, where the density is 0.37555, is fount1 as incli- 
cated. We find the prebsure corresponding to 0.37255 iusteacl 
of that for which tlie coinputation was inacle in a hydrogen 

(1 /Id f ?l P ti'fl t1 .t; lrl)l f l f  f O ) I  . f t l f ' f f l l * .  

atuiosphere of density O.UOOUSWK, ana obtain P, = S . O ~ A T ,  x 7010 

through Nipher's formula, as if tlie atmosphere were of the 
greater density. For the actual hydrogen atiuosphere we coin- 
putecl (Table 13 ) PI = 7.95967 x 10'. Hence, P2 = 58.025 €',, 
so that 58.025 is the requirecl factor. Similarly, the gas con- 
stant froin Nipher's formula is RL = 1.0175 x 10". It was com- 
putecl for tlie actual hydrogen atmosphere (Table 13) to be 
R, = 1 . 1 5 5 9 ~  10'. Again, R, = 8S.025 R,, so that there is 
mutual agreeiuent. Soiiie such factor as 88 is required to pass 
from tlie law for perfect gases, PI 1 3  = R, Y', to that for solar 
liquids, I', 1 %  = H, 7'. 

It will not be advantageous to speculate as to what this factor 
55 signifies, but i t  is not so large as to be improbable in passing 
from a gaseous to a fluid state, as it  may stand for the internal 
forces of viscosity or friction and molecular cohesion, and pos- 
sibly for some unknown forces of electricity and inagnetism. 

,slr,wltii. hrr/ts, +'/t*')*y!/ qf ruf/ tu/ ioi l ,  nu(/  r,o/jtror.tio),. 
Carrying the values of the several quantities through the 

various formu1:r we find that they conforin to the prescribed 

lS13S. 5 

1.1 closely. 
0.0192 x 1046 
1.2225 x 

0.75 closely. 

3.00 closely. 

4.00 closely. 

5414.5 
7977.2 

1.054s 

coiiclitiuns, as follows: 

specific heat of contraction - (:$) 
I1 

Exponent and coeflicieat 11 

Heat energy of radiation (J 
Work energy of contraction 11' 

heat racliat,ecl Q 

escess T r -  (J 

excess 11'- (2 
fa,, 

v,. 

_ _ -  - c =  -7 
II Ratio ~ wcwk of gravitation 

heat racliated Ratio - 
Ratio ~ - 
Specific heat a t  constant pressure 
Specific lieat at constant volume 

f >  ratio of the specific heats 

(J 

work of compression 1 I T  

- -~ 

_ _ _ _ _ - ~  

a t  the temperature 7652" j K =  

observation, and with the astronomical data obtained by the 
general laws of motion, we conclude that they afford ground 
for further research. If they form the approximate basis for 
a sound solar physics they will become important in further 
meteorological studies. _____ 
THE TEMPERATURE ELEMENT OF THE CLIMATE OF 

BINGHAMTON, N. Y. 
By W. E. Doliamsoa, oI,sprver, Westher Boreau. 

[('ondensed froiu 3 paper rrsil Iwl'oore tlir Blughaulton ~ L ~ P I U ?  of sciruce ou March 1, 1904 

The climate of Binghamtoii is continental; the climate of 
Icelaiid is oceanic; the climate of Omaha, Nebr., is continental. 
As a result tlie January cliiimte of the coast of Iceland is 11' 
warmer than the January cliiiiate of Oinaha, and 7" warmer 
than the January cliinate of Binghamtoii. The vJuly climate 
of the coast of Iceland is 2G" cooler t ,hm tlie Ju ly  climate of 
Oinalia, and 21 " cooler than t,lie ,July climate of Binghaniton. 
Thus the Biii~liamton climate occupies an interiiiediate position 
between the cliiuate of Oiuahn and  th;it of Icelai~cl; though 
differing very slightly from the climate of Omaha, it differs 
cleoitleclly fro111 that of Iceland. 

The normal mean tem1wratiire. by clecniles, has its minimum, 
21°, in the first decacle of February and its innximum, 79",  in 
tlie first decade of July. 

JAN. I FEB. 1 MAR. I APR.  I MAY. \JUNE I JULY 1 AUG. I SEP. I OCT. I NOV. 1 DBC. 

FI~:. l.-Nortual aunual  t~ i i ipera t i i r~  C I I ~  e a t  Eiiiglramtoii. N. Y., deter- 
iiiiiietl froill srven gears' r~wird, U ~ t l ~ l i ~ r  1, 1WLSrIiteinlier 30. 1903. 
The change from wiuter to summer in this section is clecidedly 

more rapid than the change from suiuiiier to wiuter. The norinal 
annual temperature curve, fig. 1, is ascentling 150 days and de- 
scending 215 clays. This curre has rt marked resemblance to the 
normal ~liurnal temperature curve in xuinuler, fig. 2. The rapid 
rise from Fehrunry 10 toJuly 10 reseinbles very closely the rapid 
rise from sunrise until about. 2 11. in. ; the slight change from July 
10 to September 10 resembles the slight change from about 2 11. m. 
to 5 p. m. ; tlie rapid frtll from September 10 to December 31 re- 
sembles the rapid frill from about 5 p. in. to about 3 a. m., and 
the slight change froin Deceinher 31 to February 10 resembles 
the slight change from about 3 a. 111. to sunrise. 

111 the sumiiier the cliurnnl 
teniperxture changes are in ac- 
corc1:inc.e with the & u r d  wiri- 
ation in the intensity of insola- 
tion. The minimum tempera- 
ture usually oc*curs a t  sunrise 
itncl the maiimum about 3 p. ni. 
The mean temperatures for in- 
clividual suiuiners closely R ~ J -  
prosiniate the noriiial for the 
suiiiIuer. The regularity of the 
diurnal temperature curve clay 
after (lay in summer aiid the 
close approsiiuntion of the mean 
teinperatures of each suinnier to 
the normal sumiuer 

f.,, ture, result from the noniin- 
portation of large masses of air 
froin distant points. 

I n  the winter the diurnal teni- 
perature curre, figs. 3 ,4 ,  aii(1 5 ,  
frequently has no similarity to 
the diurnal variation in inso- 

\fre note that this ratio K = ''1) = L ~ O G F ~  in terrestrial concli- 

tions; in solar conditions inside the photosphere K = 1.054s; 
and in the hydrogen envelope K = 1.000053 accorcling to  the 
preceding discussion. 

Surveying this set of interrelated thermoilynaiiiic values, 
and especially in view of the fact that they seem to conform 
SO well with the known astrophysical conditions derirecl froin 

55" 
' I c t .  2.--Su'1'mer type. 

teinlierature c i i r ~  e on .June 25, 1Y01. 


